Environmental efficiency of Saccharomyces cerevisiae on methane production in dairy and beef cattle via a meta-analysis by Darabighane, Babak et al.
1 23







Environ Sci Pollut Res (2019)
26:3651-3658
DOI 10.1007/s11356-018-3878-x
Environmental efficiency of Saccharomyces
cerevisiae on methane production in dairy
and beef cattle via a meta-analysis
Babak Darabighane, Abdelfattah Zeidan
Mohamed Salem, Farzad Mirzaei
Aghjehgheshlagh, Ali Mahdavi, Abolfazl
Zarei, et al.
1 23
Your article is protected by copyright and
all rights are held exclusively by Springer-
Verlag GmbH Germany, part of Springer
Nature. This e-offprint is for personal use only
and shall not be self-archived in electronic
repositories. If you wish to self-archive your
article, please use the accepted manuscript
version for posting on your own website. You
may further deposit the accepted manuscript
version in any repository, provided it is only
made publicly available 12 months after
official publication or later and provided
acknowledgement is given to the original
source of publication and a link is inserted
to the published article on Springer's
website. The link must be accompanied by
the following text: "The final publication is
available at link.springer.com”.
RESEARCH ARTICLE
Environmental efficiency of Saccharomyces cerevisiae on methane
production in dairy and beef cattle via a meta-analysis
Babak Darabighane1 & Abdelfattah Zeidan Mohamed Salem2 & Farzad Mirzaei Aghjehgheshlagh1 & Ali Mahdavi3 &
Abolfazl Zarei4 & Mona Mohamed Mohamed Yasseen Elghandour2 & Secundino López5
Received: 24 September 2018 /Accepted: 27 November 2018 /Published online: 8 December 2018
# Springer-Verlag GmbH Germany, part of Springer Nature 2018
Abstract
The objective of the present study is to examine the effect of yeast (Saccharomyces cerevisiae) on reduction of methane (CH4)
production in dairy and beef cattle using meta-analytic methods. After compilation of relevant scientific publications available
from the literature between 1990 and 2016, and applying exclusion and inclusion criteria, meta-analyses of data from dairy and
beef cattle were applied for the pooled dataset or for each animal category (dairy or beef). The results of meta-analysis of all three
datasets (all cattle, dairy cattle, or beef cattle) suggested that effect size of yeast either on daily CH4 production or on CH4
production per dry matter intake (CH4/DMI) was not significant. The results of Q test and I
2 statistic suggest that there is no
heterogeneity between different studies on CH4 production and CH4/DMI. The results of meta-analysis suggest that use of yeast
(Saccharomyces cerevisiae) as feed additive does not offer significant results in terms of reduction of CH4 production in dairy and
beef cattle. Further research on the effects of different doses of yeast, use of yeast products, different strains, and experimental
designs is warranted to elucidate the effects of yeasts on methane production in the rumen.
Keywords Yeast . Meta-analysis .Methane . Dairy cow . Beef cattle
Introduction
Undoubtedly, one of the significant sources of greenhouse gas
emissions is livestock. Among the greenhouse gases, methane
(CH4) is one of the major gases produced out of enteric fer-
mentation in ruminants and it has 25 times more potential of
global warming than carbon dioxide (CO2; Kataria 2015).
Beside of adverse implications of CH4 production on energy
efficiency of ruminants, the gas has raised some concerns of
environmental contamination in past few years. About 2 to
12% of gross energy of the feed could be lost through CH4
(Johnson and Johnson 1995). The reticulo-rumen is a fermen-
tation chamber containing a complex and diverse microbiota
composed of different microbial communities. Such as bacte-
ria, archaea, protozoa, and fungi. All of them involved in the
microbial fermentation of feed. Methane production occurs
due to the metabolic activity of methanogenic archaea capable
of utilizing autotrophically hydrogen and CO2 as substrates
(Bayat et al. 2015; Meller 2016). Therefore, in past few years
numerous studies have been conducted concerning possible
reduction of CH4 production per unit of meat and milk yielded
by ruminants. This has led to the development of numerous
strategies aiming to reduce CH4 production by ruminants. In
terms of ruminant nutrition, some solutions such as modifica-
tion of concentrate, type and quality of forage, defaunation,
and use of ionophores, oils, organic acids, and direct fed mi-
crobial and prebiotics have been proposed (Boadi et al. 2004;
Iqbal et al. 2008).
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One of the alternatives for reduction of CH4 production by
ruminants that has drawn a considerable attention in recent
years is the use of yeasts, as one type of direct fed microbes
or probiotics. Yeast products have been used as feed additives
for ruminants to improve production performance (increase of
growth rate, meat, and milk) and to alleviate acidosis thus
improving animal health and welfare (Chaucheyras-Durand
et al. 2012; Vohra et al. 2016). As a natural feed additive,
yeasts contribute to balance and stabilize rumen microbiota,
to maintain a favorable pH and enhance the formation of fer-
mentation end-products in the rumen, and to improve ammo-
nia utilization by ruminal bacteria (Chaucheyras-Durand et al.
2012). Previous meta-analyses investigating the effects of
yeast additives on ruminants (Desnoyers et al. 2009), in par-
ticular dairy cattle (Poppy et al. 2012), suggest that the use of
yeast as supplement could increase milk production.
Regarding the effects of yeast supplements on production per-
formance of beef cattle, the results of the meta-analysis report-
ed by Sartori et al. (2017) suggested that adding yeast to the
rations fed to beef cattle could reduce dry matter intake (DMI)
but has no significant effects on average daily gain. This effect
might be dependent on dosage of yeasts, strain of yeasts, and
diet composition. The previously conducted studies point to
insignificant effects of yeast products on reduction of CH4
production of dairy and beef cattle. The review of results on
the association between CH4 production and CH4 emission
intensity (CH4/DMI) shows some controversial outcomes.
Regarding dairy cattle, Muñoz et al. (2016) and Chung et al.
(2011) added active dried yeast, Meller (2016) added live
yeast culture, and Bayat et al. (2015) added live yeast to the
feed but found no significant change in CH4 production.
However, the studies conducted by Bayat et al. (2015) and
Chung et al. (2011) suggested that the use of yeast decreased
CH4 produc t ion , a l though the d i f f e r ence f rom
unsupplemented diets was insignificant. One of the supple-
mentation strains used in the feed of beef cattle was suggested
by McGinn et al. (2004) as reducing CH4 production but the
difference was not significant. Regarding the results of CH4
emission intensity, Muñoz et al. (2016) reported that addition
of yeast was followed by higher yield of CH4/DMI and di-
gestible organic matter intake. In contrast, Chung et al. (2011)
found out that one strain of Saccharomyces cerevisiae tended
to cause a relative reduction of CH4 production when com-
pared with other strains.
The results of in vitro assays on the effect of yeast on
reduction of methane production are contradictory compared
with results from in vivo studies. Hernández et al. (2017) sug-
gested that 2 and 4 mg yeast/g DM feed could reduce methane
production by dairy calves if they are fed concentrate rations.
In another study, it was reported that a mixture of yeast and a
high-dose mixture of xylanase offers the best results in terms
of reduction of methane produced by calves (Hernández et al.
2017).Mutsvangwa et al. (1992) suggested that a yeast culture
(Yea-Sacc®, 1026) reduces methane production up to 10% in
12 hours when a barley-based beef ration was used.
In general, the use of yeast products as an additive to dairy
and beef cattle rations could improve performance. However,
CH4 mitigation by yeast could be a relatively ambiguous and
contradictory matter (Hristov et al. 2013). Although in vitro
experiments are also regarded as a valuable way of testing
ideas, in vivo experiments could offer more realistic results.
Therefore, in this meta-analysis, only data from in vivo reports
were reviewed and used. Since meta-analysis could summa-
rize holistically results of different studies (Sutton and Higgins
2008), the objective of the present paper is to survey the in-
fluence of yeast (Saccharomyces cerevisiae) on CH4 produc-




An extensive, structured and systematic literature search was
carried out using databases of ISI Web of Knowledge (http://
wokinfo.com) and Google Scholar (http://scholar.google.
com). The publication period of studies was from January
1990 to December 2016. The keywords used for search of
relevant studies included B(dairy cow OR beef) AND
methane AND (yeast OR Saccharomyces cerevisiae).^ In
order to assure the compilation of all relevant studies on the
topic, references of collected papers were reviewed (Lean
et al. 2009). In the case that experimental results were reported
in dissertations, these were also included in the reviewed lit-
erature. More than 100 scientific publications were identified
and all of them were initially screened for acceptability by
determining if the research conducted studied effects of yeast
(Saccharomyces cerevisiae) on CH4 production. After
discarding papers that were not directly related with the topic,
an initial data set of 46 publications was compiled.
Inclusion and exclusion criteria
After collection of studies published between 1990 and 2016,
the reports in dairy and beef cattle were further screened for a
subsequent selection. Such studies should include both a
yeast-recipient (treated) group and a control unsupplemented
group (no yeast administered). In addition, only studies with
detailed in vivomeasurement of CH4 production were includ-
ed. The reviews (n = 10) as well as in vivo experiments on
influence of yeast on production parameters and CH4 produc-
tion of other animals (sheep and goat; n = 15) and in vitro
experiments (n = 14) were excluded from the database.
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Data extraction
Data were screened and extracted independently by two in-
vestigators to identify and determine if a publication was to be
included in the meta-analysis. Data used in the present meta-
analysis were those for mean CH4 production or mean CH4/
DMI. In addition, other data used were SE (standard error),
and number of cows in treatment and control groups. Many
studies reported a common SE and these estimates were used
for both control and treatment groups. Other information such
as name of author, year of publication, CH4 measurement
method, and breed of cows, type of yeast products, and nutri-
tional ration was also recorded. Quality assessment was con-
ducted before data extraction in accordance with the recom-
mendations of Lean et al. (2009).
Statistical analysis
Effect size and forest plots
ComprehensiveMeta-Analysis Software (version 2.2, Biostat,
USA) was used for the statistical analyses. The effect size for
daily CH4 production and CH4/DMI for all included studies
(dairy and beef cattle, dairy cattle, and beef cattle) was deter-
mined as standardized mean difference (SMD) at 95% level of
confidence intervals. One of the methods used for continuous
data are SMD estimation (Lean et al. 2009). The SMD is the
mean difference between treatment and control groups which
is standardized based on standard deviation (SD) of treatment
and control groups and result is a numerical dimensionless
value. The SMD enable comparison of differences between
groups regarding several variables and the model adopted in
this meta-analysis was a random effects model (Borenstein
et al. 2009). Random effects models have an underlying as-
sumption that a distribution of effects exists, resulting in het-
erogeneity among study results (Borenstein et al. 2009). If SD
was not reported in studies, it was calculated by multiplying
the standard error of means by the square root of the number
of cows.
Forest plot is one of the common plots used in meta-
analysis which represents information of each study as well
as final outcome of all the studies (Lean et al. 2009). Points to
the left of the vertical line represent a reduction in the out-
come, and points to the right of the line indicate an increase in
the outcome variable. Each square represents the mean effect
size for that study. The upper and lower limit of the line con-
nected to the square represents the upper and lower 95% con-
fidence intervals for the size effect. In this meta-analysis, CH4
production and CH4/DMI of all studies (dairy and beef cattle)
were developed into a forest plot. In forest plot, effect size is
equal with SMD at 95% confidence interval in the case of
adopting random model.
Assessment of heterogeneity
In order to test heterogeneity across studies, χ2 (Q) test and I2
statistic were used (Borenstein et al. 2009). Variations among
the study level were assessed using a Q test (formula: 1).
Formula1 : Q ¼ ∑ki¼1wi Y i−Mð Þ2;
where wi is the study weight, Yi is the study effect size,M is
the summary effect, and k is the number of studies (Borenstein
et al. 2009). Since power of Q test in meta-analytical studies
with low number of studies is insignificant, level of signifi-
cance was presumed to be equal to 0.1 (Lean et al. 2009).
Although Q test contributes to the detection of heterogeneity,
the quantitative value (percentile form) is determined through
I2 statistic (Higgins and Thompson 2002). The I2 is a transfor-
mation of the square root of theQ heterogeneity divided by its
degrees of freedom and describes the proportion of total var-
iation in study estimates that is due to heterogeneity. Negative
values of I2 are equalized to zero, consequently I2 lies between
0 and 100%. If I2 exceeds 50 percent, the parameters will be
presumed to have significant heterogeneity (Lean et al. 2009).
Publication bias
Publication bias was examined through funnel plot and trim
and fill method (Duval and Tweedie 2000). The plot is con-
cerned with estimated index of each study compared with its
precision sample size. Therefore, larger size of the study is
correlated with its higher precision; such studies are represent-
ed at the top part of the plot. The studies with smaller size are
represented in the lower part of the plot (Lean et al. 2009). In
the case that Funnel plot showed bias from one or more of the
studies used, number of studies to be excluded and adjusted
effect size were determined through trim and fill method. In
this meta-analysis, CH4 production and CH4/DMI of all stud-
ies (dairy and beef cattle) were developed into a funnel plot.
Results
Characteristics of the database
Table 1 identified the publications selected and the data extract-
ed for the meta-analysis. In general, the database included 6
studies out of which 4 studies were related to dairy cattle and
the remaining 2 studies were associated with beef cattle.
Although number of comparisons between yeast-recipient group
and control group made up of beef cattle is low (i.e., 3 compar-
isons), a meta-analysis with a minimum of three comparisons is
possible (Valentine et al. 2010). One should note that the results
lack high statistical power and results should be interpreted with
caution. In some experiments on dairy cattle (Chung et al. 2011;
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Bayat et al. 2015) or beef cattle (Possenti et al. 2008), yeast was
placed in rumen of animals through cannula tubes. Other studies
added yeast to the feed. In the database, Bayat et al. (2015),
Chung et al. (2011), and Hristov et al. (2010) measured CH4
using the sulfur hexafluoride (SF6) method. Other studies mea-
sured CH4 emission using respiratory chambers. Among the
experiments with dairy cattle, Chung et al. (2011) conducted
experiments on non-lactating cows, whereas in the other exper-
iments, the cows were in lactation. Among the experiments on
beef cattle, McGinn et al. (2004) conducted a test on growing
beef cattle and Possenti et al. (2008) used cross-bred cows. In all
of the experiments included in present meta-analysis, the yeast
used was Saccharomyces cerevisiae.
CH4 production
The results of the meta-analysis of the effect of yeast on CH4
production by dairy and beef cattle are shown in Table 2. The
meta-analytic results of 11 comparisons between yeast-recipient
group and control group suggested that the effect of yeast addi-
tion on reduction of CH4 production did not reach statistical
significance when dairy and beef cattle were pooled (SMD =
− 0.051; P = 0.792). The difference between yeast and control
groups were not significant for dairy cows (SMD= − 0.083; P =
0.708) or for beef cattle (SMD= 0.057; P = 0.889). As shown in
Table 2, the Q test and I2-statistic showed that there was no
heterogeneity across studies on CH4 production. The P value
in the Q test for CH4 production in dairy and beef cattle, dairy
cattle, and beef cattle was greater than 0.1 and I2 was zero.
The forest plot of CH4 production (Fig. 1) showed a final
outcome in terms of SMD.
The results of publication bias obtained through review of
funnel plot (Fig. 2) and trim and fill method suggest that there
is no publication bias in terms of CH4 production by dairy and
beef cattle. In this plot, effect index of small studies will lower
precision is represented at the bottom of the plot.
Table 1 Summary of publications used for meta-analysis
Reference NC1 Animal Breed Yeast products CH4 measurement
method
Feed Response variables
Bayat et al. 2015 2 Dairy cow Finnish Ayrshire Live yeast Sulfur hexafluoride TMR2 CH4, CH4/DMI
Chung et al. 2011 2 Dairy cow Holstein Active dried yeast Sulfur hexafluoride TMR CH4, CH4/DMI
Hristov et al. 2010 1 Dairy cow Holstein fermented yeast culture Sulfur hexafluoride TMR CH4
Meller 2016 1 Dairy cow Jersey Live yeast culture Chamber TMR CH4, CH4/DMI
Muñoz et al. 2016 2 Dairy cow Holstein-Friesian, Norwegian
and Norwegian ×Holstein-
Friesian
Active dried yeast Chamber TMR CH4, CH4/DMI
McGinn et al. 2004 2 Beef cattle Holstein Active dried yeast Chamber TMR CH4, CH4/DMI
Possenti et al. 2008 1 Beef cattle Crossbred Active dried yeast Chamber roughage CH4, CH4/DMI
In the plot (Fig. 1), the average difference between yeast-receiving group and control group for each study is represented by a square and confidence
intervals 95% is shown by a transverse line
1NC number of comparisons
2 TMR total mixed rations
Table 2 Effect size and heterogeneity for effect of yeast on CH4 production and CH4/DMI in dairy cows and beef cattle
Outcome NC1 SMD2 95% confidence intervals P value Q P value I2
CH4 production
Both dairy cows and beef cattle 11 − 0.051 − 0.435, 0.331 0.792 5.488 0.856 0
Dairy cows 8 − 0.083 − 0.517, 0.351 0.708 4.773 0.688 0
Beef cattle 3 0.057 − 0.748, 0.863 0.889 0.625 0.732 0
CH4/DMI
Both dairy cows and beef cattle 10 − 0.087 − 0.566, 0.392 0.722 10.550 0.308 14.689
Dairy cows 7 − 0.120 − 0.807, 0.566 0.732 10.042 0.123 40.252
Beef cattle 3 0.002 − 0.802, 0.806 0.996 0.437 0.804 0
In the plot (Fig. 1), the average difference between yeast-receiving group and control group for each study is represented by a square and confidence
intervals 95% is shown by a transverse line
1NC number of comparisons
2 SMD standardized mean difference
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CH4/DMI
The results of the meta-analysis of the effect of yeast in dairy
and beef cattle on CH4/DMI are shown in Table 2. The results
suggest that the effect of yeast on reduction of CH4/DMI did
not reach statistical significance when dairy and beef cattle
data were pooled (SMD= − 0.087;P = 0.722), with only dairy
cattle data (SMD = − 0.120; P = 0.732), or with only beef
cattle data (SMD = 0.002; P = 0.996). No significant hetero-
geneity was found across studies on CH4/DMI. The P value in
the Q test was greater than 0.1. Although the value of I2 for
dairy cattle was about 40%, the I2 was zero for beef cattle. The
forest plot (Fig. 3) of CH4/DMI shows the final outcome as
SMD.
The results of publication bias (CH4/DMI, Fig. 4) of dairy
and beef cattle suggest that there is one study missing. Trim
and Fill method suggested that one possible additional study
was required to generate a normal response distribution (ad-
justed effect size= 0.004; 95% confidence intervals= -0.467,
0.477). Similar to previous plot (Fig. 2), the studies are clus-
tered at the bottom of the plot.
Discussion
Meta-analysis is defined as application of different statistical
methods to summarize results from several studies through
combination and statistical analysis of pooled data. Different
review and meta-analytic studies examining the effects of
using yeast on production performance of dairy and beef cattle
have been reported previously. For instance, the meta-
analytical study of Desnoyers et al. (2009) suggested that sup-
plementation of yeast causes an increase of ruminal pH level
Study name Std diff in means 
and 95% CI
Bayat et al. 2015 (1)
Bayat et al. 2015 (2)
Chung et al. 2010 (1)
Chung et al. 2010 (2)
Hristov et al. 2010
McGinn et al 2004 (1)
McGinn et al 2004 (2)
Meller 2016
Muñoz et al. 2016 (1)
Muñoz et al. 2016(2)
possenti et al. 2008
-4.00 -2.00 0.00 2.00 4.00
Fig. 1 Forest plots of the effect sizes (std diff in means and 95% CI:
standardized mean differences and 95% confidence intervals) between
yeast (Saccharomyces cerevisiae) supplementation versus no
supplementation for CH4 production in dairy cows and beef cattle. The
mean effect size, calculated according to a random effects model, is
indicated by the diamond at the bottom. The size of the squares
illustrated the weight of each study relatively to the mean effect size.
Smaller squares represent less weight
















Std diff in means
Funnel Plot of Standard Error by Std diff in meansFig. 2 Funnel plots of the effect
sizes (std diff in means:
standardized mean differences)
for CH4 production. Empty
circles indicate observed values
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and concentration of volatile fatty acids in rumen but reduces
concentration of lactic acid in rumen and has no effects on
acetate to propionate ratio in ruminants. In addition, supple-
mentation of yeast increases DMI, milk production, and milk
fat without influencing milk protein content. In a meta-
analysis of the effects of yeast culture on dairy cattle, Poppy
et al. (2012) suggested that supplementation of yeast culture
product increases milk production, increase of 3.5% fat
corrected milk, and contributes to milk fat yield as well as
milk protein yield. Sartori et al. (2017) conducted a meta-
analysis of effect of supplementation of live yeast on perfor-
mance of beef cattle and reported that addition of yeast did not
affect average daily gain but DMI was reduced. Therefore,
despite of positive effect of yeasts as reported in previous
meta-analytic studies, there are few in vivo experiments on
the effect of yeast (Saccharomyces cerevisiae) on CH4 pro-
duction. The results of present meta-analysis suggest that
adding yeast to ration of dairy and beef cattle did not reduce
CH4 production. The experiments of Bayat et al. (2015) and
Chung et al. (2011) on dairy cattle suggested that CH4 pro-
duction (g/day) of yeast-receiving cows is less than in control
cows although these differences were not significant. McGinn
et al. (2004) conducted a similar experiment on beef cattle and
found out that only one yeast-receiving group had produced
lower CH4 than the control group. In other experiments, no
reduction of CH4 production in yeast-receiving groups was
found when they were compared with the control group. The
result of each test could be represented in a forest plot (Fig. 1).
In the forest plot, total outcome is shown by a diamond shape
at the bottom of the plot.
In regard to CH4/DMI, the results of the present meta-
analysis suggest that supplementation of yeast did not reduce
of CH4/DMI. This result is consistent with the finding of other
studies used in this meta-analysis. The forest plot (Fig. 3)
Study name Std diff in means and 95% CI
Bayat et al. 2015 (1)
Bayat et al. 2015 (2)
Chung et al. 2010 (1)
Chung et al. 2010 (2)
McGinn et al. 2004 (1)
McGinn et al. 2004 (2)
Meller 2016
Munoz et al. 2016 (1)
Munoz et al. 2016 (2)
possenti et al. 2008
-4.00 -2.00 0.00 2.00 4.00
Fig. 3 Forest plots of the effect sizes (std diff in means and 95% CI:
standardized mean differences and 95% confidence intervals) between
yeast (Saccharomyces cerevisiae) supplementation versus no
supplementation for CH4/DMI in dairy cows and beef cattle. The mean
effect size, calculated according to a random effects model, is indicated by
the diamond at the bottom. The size of the squares illustrated the weight
of each study relatively to the mean effect size. Smaller squares represent
less weight








Std diff in means
Funnel Plot of Standard Error by Std diff in meansFig. 4 Funnel plots of the effect
sizes (std diff in means:
standardized mean differences)
for CH4/DMI
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shows the result of each experiments as well as total outcome
as SMD so that the total outcome is − 0.087; P = 0.722.
Although supplementation of yeast did not reduce CH4
production significantly, the result of in vivo experiments
in sheep suggested that Trichosporon sericeum yeast cul-
ture reduced daily CH4 production to a greater extent than
control group (33.4 vs. 37.2 l/day). However, no signifi-
cant reduction of CH4/DMI was observed (Mwenya et al.
2004). In the case of growing goats, the results suggest that
a combination of cellulase and Saccharomyces cerevisiae
fermentation products reduces CH4/DMI (Lu et al. 2016).
It seems that in sheep and goats the influence of yeast on
reduction of CH4 production could be more positive.
However, further experiments on sheep and goat is re-
quired to confirm this inference.
Another important parameter related to methane produc-
tion in the rumen is the acetate to propionate ratio. Moss
et al. (2000) suggested that while acetate and butyrate
formation stimulate methane production, propionate could
act as an alternative pathway for hydrogen sink in the
rumen. Mutsvangwa et al. (1992) suggested that reduced pro-
duction ofmethane with yeast-containing rations might be due
to a greater propionate production requiring the use of meta-
bolic hydrogen and therefore, it reduces methanogenesis. In
this regard, Shibata and Terada (2010) suggested that the use
of probiotics for ruminants changes the molar proportions of
volatile fatty acids so that the proportion of acetate is de-
creased whereas that of propionate increases. Saccharomyces
cerevisiae yeast might stimulate acetogenic bacteria which
could use metabolic hydrogen in the rumen. This event devi-
ates hydrogen from methanogenesis consequently
(Chaucheyras-Durand et al. 2010). Chung et al. (2011) is the
only study suggesting that the cows receiving yeast in their
rumen show a significant reduction of the acetate-propionate
ratio.
The present meta-analysis did not show heterogeneity with
daily CH4 production. In the case of CH4/DMI, the I
2 for dairy
and beef cattle was about 14% and for dairy cattle only the
index was 40%. Such level of heterogeneity is not considered
significant (Lean et al. 2009). The differences among experi-
ments on the effect of yeast on CH4 production and CH4/DMI
might be due to diverse factors such as strain of yeast, viabil-
ity, feed intake, and/or management (Chaucheyras-Durand
et al. 2012). The comparative study with two yeast strains
(Levucell SC and a novel strain) versus a control group did
not report a significant difference between strains in CH4 pro-
duction (Chung et al. 2011). Bayat et al. (2015), Chung et al.
(2011), and McGinn et al. (2004) used two strains of yeast.
Their findings suggested that CH4 production (g/day) and
amount of CH4/DMI did not show a significant difference
between supplemented and control cows. Regarding the type
of yeast product, two studies used yeast culture. The cows
receiving yeast culture did not show a significant decline in
CH4 production or CH4/DMI in comparison with the control
group (Meller 2016). Elghandour et al. (2017) conducted an
in vitro experiment and suggested that differences between
yeast cultures in terms of methane production might be due
to their differing contents of protein, fat, fiber, and other
materials.
In addition to abovementioned cases, the type of experi-
mental design might also affect the results. In the database
used in our meta-analysis, the experiment conducted by
Chung et al. (2011) was based on randomized block design
but the rest of the experiments were based on a cross-over
design. Such design may have limitations for examining the
effect of yeast on rumen-related parameters since yeasts could
be influential upon equilibrium of microbial population
(Bayat et al. 2015). In addition, Bayat et al. (2015) conducted
a study on the effect of two strains of yeast on CH4 production
in dairy cattle and suggested that a slight reduction of CH4
production occurred in yeast-receiving treatments. The de-
crease was not significant and this might have been due to
the small number of observations.
The technique used in measurement of produced CH4
could be another factor contributing to difference in reported
results of different studies. In the present meta-analysis, stud-
ies used either SF6 or respiratory chamber techniques.
Management factors, climate and physiological stage of the
animal might be also influential upon results. As a conse-
quence, one may conclude that although addition of yeast
could exert a positive influence on production performance
and ruminal parameters of cows, results of in vitro studies




The results of present meta-analysis of three groups (all
(pooled) dairy and beef cattle, dairy cattle only, or beef cattle
only) showed that supplementation of yeast does not signifi-
cantly reduce CH4 production or CH4/DMI. In addition, no
significant heterogeneity was observed between different
studies. These results should be interpreted with caution be-
cause they were based on a small number of studies. It is
recommended that future experiments be conducted on other
yeast products, different strains of yeasts, and different doses
of yeast so as that in-vivo effect of yeast on livestock could be
elucidated.
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of
interest.
Environ Sci Pollut Res (2019) 26:3651–3658 3657
Author's personal copy
References
Bayat A, Kairenius P, Stefański T, Leskinen H, Comtet-Marre S, Forano
E, Chaucheyras-Durand F, Shingfield K (2015) Effect of camelina
oil or live yeasts (Saccharomyces cerevisiae) on ruminal methane
production, rumen fermentation, and milk fatty acid composition in
lactating cows fed grass silage diets. J Dairy Sci 98:3166–3181
Boadi D, Benchaar C, Chiquette J, Massé D (2004) Mitigation strategies
to reduce enteric methane emissions from dairy cows: update re-
view. Can J Anim Sci 84:319–335
Borenstein M, Hedges LV, Higgins J, Rothstein HR (2009) Introduction
to meta-analysis. In: John Wiley & Sons Ltd. United Kingdom,
Chichester
Chaucheyras-Durand F,Masséglia S, Fonty G, Forano E (2010) Influence
of the composition of the cellulolytic flora on the development of
hydrogenotrophic microorganisms, hydrogen utilization, and meth-
ane production in the rumens of gnotobiotically reared lambs. Appl
Environ Microbiol 76:7931–7937
Chaucheyras-Durand F, Chevaux E, Martin C, Forano E (2012) Use of
yeast probiotics in ruminants: effects and mechanisms of action on
rumen pH, fibre degradation, and microbiota according to the diet.
In: Rigobelo EC (ed) Probiotic in animals. IntechOpen, https://doi.
org/10.5772/50192. Available from: https://www.intechopen.com/
books/probiotic-in-animals/use-of-yeast-probiotics-in-ruminants-
effects-and-mechanisms-of-action-on-rumen-ph-fibre-degradation-.
Chung Y-H, Walker N, McGinn S, Beauchemin K (2011) Differing ef-
fects of 2 active dried yeast (Saccharomyces cerevisiae) strains on
ruminal acidosis and methane production in nonlactating dairy
cows. J Dairy Sci 94:2431–2439
Desnoyers M, Giger-Reverdin S, Bertin G, Duvaux-Ponter C, Sauvant D
(2009) Meta-analysis of the influence of Saccharomyces cerevisiae
supplementation on ruminal parameters and milk production of ru-
minants. J Dairy Sci 92:1620–1632
Duval S, Tweedie R (2000) Trim and fill: a simple funnel-plot–based
method of testing and adjusting for publication bias in meta-analy-
sis. Biometrics 56:455–463
Elghandour M, Vázquez J, Salem A, Kholif A, Cipriano M, Camacho L,
Márquez O (2017) In vitro gas and methane production of two
mixed rations influenced by three different cultures of
Saccharomyces cerevisiae. J Appl Anim Res 45:389–395
Hernández A, Kholif AE, Elghandour MM, Camacho LM, Cipriano
MM, Salem AZ, Cruz H, Ugbogu EA (2017) Effectiveness of
xylanase and Saccharomyces cerevisiae as feed additives on gas
emissions from agricultural calf farms. J Clean Prod 148:616–623
Higgins J, Thompson SG (2002) Quantifying heterogeneity in a meta-
analysis. Stat Med 21:1539–1558
Hristov A, Varga G, Cassidy T, Long M, Heyler K, Karnati S, Corl B,
Hovde C, Yoon I (2010) Effect of Saccharomyces cerevisiae fer-
mentation product on ruminal fermentation and nutrient utilization
in dairy cows. J Dairy Sci 93:682–692
Hristov A, Oh J, Firkins J, Dijkstra J, Kebreab E, Waghorn G, Makkar H,
Adesogan A, Yang W, Lee C (2013) Special topics—mitigation of
methane and nitrous oxide emissions from animal operations: I. A
review of enteric methane mitigation options. J Anim Sci 91:5045–
5069
Iqbal MF, Cheng Y-F, ZhuW-Y, Zeshan B (2008) Mitigation of ruminant
methane production: current strategies, constraints and future op-
tions. World J Microbiol Biotechnol 24:2747–2755
Johnson KA, Johnson DE (1995) Methane emissions from cattle. J Anim
Sci 73:2483–2492
Kataria RP (2015) Use of feed additives for reducing greenhouse gas
emissions from dairy farms. Microbiol Res 6:19–25
Lean I, Rabiee A, Duffield T, Dohoo I (2009) Invited review: use of meta-
analysis in animal health and reproduction: methods and applica-
tions. J Dairy Sci 92:3545–3565
LuQ,Wu J,WangM, ZhouC, HanX, Odongo EN, Tan Z, Tang S (2016)
Effects of dietary addition of cellulase and a Saccharomyces
cerevisiae fermentation product on nutrient digestibility, rumen fer-
mentation and enteric methane emissions in growing goats. Arch
Anim Nutr 70:224–238
McGinn S, Beauchemin K, Coates T, Colombatto D (2004) Methane
emissions from beef cattle: effects of monensin, sunflower oil, en-
zymes, yeast, and fumaric acid. J Anim Sci 82:3346–3356
Meller RA (2016) Potential roles of nitrate and live yeast culture to sup-
press methane emission and their influence on ruminal fermentation,
digestibility, and milk production in Jersey cows. The Ohio State
University, MSc dissertation
Moss AR, Jouany JP, Newbold CJ (2000) Methane production by rumi-
nants: its contribution to global warming. Ann Zootech 49:231–253
Muñoz C, Wills DA, Yan T (2016) Effects of dietary active dried yeast
(Saccharomyces cerevisiae) supply at two levels of concentrate on
energy and nitrogen utilisation and methane emissions of lactating
dairy cows. Anim Prod Sci 57:656–664
Mutsvangwa T, Edwards I, Topps J, Paterson G (1992) The effect of
dietary inclusion of yeast culture (Yea-Sacc) on patterns of rumen
fermentation, food intake and growth of intensively fed bulls. Anim
Prod 55:35–40
Mwenya B, Santoso B, Sar C, Gamo Y, Kobayashi T, Arai I, Takahashi J
(2004) Effects of including β1–4 galacto-oligosaccharides, lactic
acid bacteria or yeast culture on methanogenesis as well as energy
and nitrogenmetabolism in sheep. Anim Feed Sci Technol 115:313–
326
Poppy G, Rabiee A, Lean I, Sanchez W, Dorton K, Morley P (2012) A
meta-analysis of the effects of feeding yeast culture produced by
anaerobic fermentation of Saccharomyces cerevisiae on milk pro-
duction of lactating dairy cows. J Dairy Sci 95:6027–6041
Possenti RA, Franzolin R, Schammas EA, Demarchi JJAA, Frighetto
RTS, MAd L (2008) Efeitos de dietas contendo Leucaena
leucocephala e Saccharomyces cerevisiae sobre a fermentação ru-
minal e a emissão de gás metano em bovinos. Rev Bras Zootec 37:
1509–1516
Sartori ED, Canozzi MEA, Zago D, Prates ÊR, Velho JP, Barcellos JOJ
(2017) The effect of live yeast supplementation on beef cattle per-
formance: a systematic review and meta-analysis. J Agric Sci 9:21–
37 https://doi.org/10.5539/jas.v9n4p21
Shibata M, Terada F (2010) Factors affecting methane production and
mitigation in ruminants. Anim Sci J 81:2–10
Sutton AJ, Higgins J (2008) Recent developments in meta-analysis. Stat
Med 27:625–650
Valentine JC, Pigott TD, Rothstein HR (2010) How many studies do you
need? A primer on statistical power for meta-analysis. J Educ Behav
Stat 35:215–247
Vohra A, Syal P, Madan A (2016) Probiotic yeasts in livestock sector.
Anim Feed Sci Technol 219:31–47
3658 Environ Sci Pollut Res (2019) 26:3651–3658
Author's personal copy
